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Abstract 

AZGP1 is a multifaceted protein associated with lipid mobilization, a process that is regulated by FASN and other metabolic 
pathways such as mTOR signaling. The active mTOR signaling pathway has been found to be involved in a variety of tumors. 
However, it remains unclear whether it is involved in the regulation of AZGP1 and FASN. An AZGP1 -expressing plasmid was 
transfected into a human colorectal cancer cell line (LoVo) with a low expression of AZGP1. The expression of AZGP1, FASN, 
elF4E, p-mTOR, p-S6,and S6K1 were measured by Western blot analysis, and target genes were detected by RT-PCR. Cell 
proliferation was studied using the MTT and colony formation assays. The analysis of apoptosis and the cell cycle phase 
were assessed by flow cytometry. The capacity of cell migration was investigated using the transwell migration assay. We 
found that the expression of AZGP1 was up-regulated while the expression of FASN, elF4E, p-mTOR, p-S6, and S6K1 were 
down-regulated in LoVo cells after AZGP1 was expressed. The proliferation of malignant cells was reduced in AZGPl - 
overexpression cells, which is consistent with an increased in the G 2 -arrest and apoptosis rate. Furthermore, the migration of 
AZGPI-overexpression cells was decreased. The overexpression of AZGP1 suppressed the activation of the mTOR pathway 
and endogenous FASN-regulated fatty acid synthesis, mitigating the malignant phenotype of LoVo cells. Herein, we provide 
evidence that AZGP1 may constitute a novel tumor suppressor for LoVo colorectal cancer cells. 
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Introduction 

AZGPl is a ubiquitously soluble and secreted 42 kDa protein 
that was identified in human plasma in 1961 [1]. AZGPl functions 
as a lipid mobilizing factor in human adipocytes, cancer cells, and 
plays a key role in lipid mobilization [2] . Additionally, it has been 
associated with cachexia due to its high level of amino-acid 
sequence homology with a tumor-derived lipid-mobilizing factor 
[3]. And, data from genetic studies suggest that AZGPl expression 
appears to be inversely correlated with adiposity [4]; therefore, 
AZGPl could be a candidate gene for body weight regulation [5]. 
An in vitro experiment along wth theoretical data showed that 
adipocyte expression of AZPG1 is regulated by both PPAR-y and 
glucocorticoids [6]. Moreover, AZGPl has been identified as a 
prognostic marker for prostate cancer [7] , breast cancer [8,9] , and 
gastric cancer [10], and it acts as a novel tumor suppressor in 
pancreatic cancer [11]. Recently researchers have identified that 
AZGPl could also be a potential marker for diagnosis and 
prognosis of colorectal cancer [12,13]. However, the role of 
AZPG1 in colorectal cancer is currently unknown. Hence, this 
preliminary study was initiated to objectively evaluate the function 
of AZGPl in colorectal cancer cell. 

Fatty acid synthase (FASN) is a major biosynthetic enzyme 
catalyzing the terminal steps in the synthesis of long chain 



saturated fatty acids. In normal tissue and in tissues with high 
cellular turnover, fatty acids are supplied by dietary fat and FASN 
is expressed at undetectable levels; however, various tumors 
undergo exacerbated endogenous fatty acid biosynthesis irrespec- 
tive of the levels of extracellular lipids [14]. Increased levels of 
FASN expression are frequently observed in colorectal cancer 
[15], breast cancer [16], endometrial cancer [17], prostate cancer 
[18], and other human carcinomas. Overexpression of FASN has 
also been associated with the development, maintenance, and 
enhancement of the tumor malignant tumor phenotype. Several 
studies have reported that an inhibition of FASN activity results in 
decreased cell proliferation and induces cellular apoptosis [19,20]. 
Collectively, it has been suggested that FASN may represent a 
promising target for chemoprevention. 

The mammalian target of rapamycin (mTOR) signaling 
pathway determines the core route from PI3K to AKT and 
which diverges at mTOR [21], where it activates either ribosomal 
S6 kinase l(S6Kl)or the eukaryotic translation initiation factor 
4E(eIF4E) [22]. And eIF4E is involved in the translation of cap- 
dependent mRNAs of growth promoting genes. An aberrant 
increase in eIF4E expression dramatically alters cellular morphol- 
ogy, enhances proliferation, and induces cellular transformation 
and tumorigenesis [23]. The S6K1 protein is a component of the 
40S ribosomal subunit, which is required for ribosomal synthesis of 
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polypeptide. Also, S6K1 is involved in activating S6 kinases which 
phosphorylate S6, and the phosphorylation of S6 is known to 
increases under a variety of conditions linked to cell growth and/ 
or proliferation [24]. These findings suggest that eIF4E, S6, and 
S6K1 are the most essential downstream independent effectors in 
mTOR signaling pathway, a critical component of translational 
control and translational control the regulation of mammalian cell 
biological behaviors. 

Recent evidences have demonstrated that mTOR signaling and 
endogenous fatty acid synthesis play a critical role in the 
development of colorectal cancer; however, it remains to be seen 
whether AZGP1 is involved in this process. In this study, we 
investigated the expression of AZGP1, FASN, eIF4E, p-mTOR, 
p-S6, and S6K1 and characterized the function of AZGP1 in 
colorectal cancer cells. 

Materials and Methods 

Cell Culture and Transfection 

Four human colorectal cancer cell lines (LoVo, Caco-2, HT-29, 
and HCT116) were used in this study. These cells were obtained 
from Shanghai Cell Biology, Institute of the Chinese Academy of 
Sciences (Shanghai, China). LoVo, HT-29, and HCT116 cells 
were cultured in RPMI-1640 medium supplemented with 100 
units/mL penicillin, 1 00 |J.g/mL streptomycin, and 10% fetal 
bovine serum (Invitrogen, Gaithersburg, MD, USA). Caco-2 cells 
were cultured in high glucose Dulbecco's Modified Eagle's Media 
(DMEM) supplemented with 100 units/mL penicillin, 100 |0.g/mL 
streptomycin, and 10% fetal bovine serum. These cells were 
incubated in a standard cell culture incubator (Thermo, W altham, 
MA, USA) at 37°C with 5% C02. 

The expression of AZGP1 was detected by RT-PCR and 
Western blot analysis in order to choose target cells whose 
expression of AZGP1 was lower than that of other cells. A 
recombinant pGCMV/EGFP/AZGPl plasmid with scrambled 
sequences was synthesized according to the manufacturer's 
instructions. The target cell was transiently transfected using the 
X-treme gene Hp DNA Transfection Reagent (Roche, Basel, 
Switzerland). In order to determine transfection efficiency, green 
fluorescence was detected under a fluorescence microscope 
(NIKON, TE2000, Tokyo, Japan), and G418 (600 Ug/mL) was 
used to select for stable clones. In this study, cells were classified 
into three groups: wild LoVo cells (blank group), LoVo cells were 
transfected by pGCMV/EGFP/Neo plasmid (control group), and 
LoVo cells were transfected by pGCMV/EGFP/AZGPl plasmid 
(experimental group). 

RNA Isolation and Reverse-transcription PCR 

Total RNA from the three groups was isolated using the Trizol 
Reagent (Invitrogen, Carlsbad, CA, USA) according to the 



manufacturer's protocol. After they were resuspended in 30 (J.L 
of RNase free H20, RNA samples were stored at -80°C. The 
purity of the isolated RNA was tested by spectrophotometry 
(Thermo, San Jose, CA, USA) at 260/280 nm. The first strand of 
complementary DNA (cDNA) was synthesized using the Hiscript 
1st strand cDNA synthesis kit (Vazyme, Nanjing, China) according 
to the manufacturer's instructions: a 20 uL reaction volume 
consisting of a 10 mM 2xRT mix (containing dNTP), 2 (J.L 
(200 U) HiScipt enzyme mix (containing HiScipt reverse tran- 
scriptase and RNase inhibitor), 50 uM oligo (dT) 18 primers, 
0.5 [Ig of extracted RNA, and 20 (U.1 of RNase free ddH20. These 
components were added to a 200 uL PCR tube. Amplifications of 
all transcripts were done using PCR system (Eppendorf, Hamburg, 
Germany) under the following conditions: 50°C for 45 min and 
85°C for 5 min. 

Subsequendy, 5 |0.L of complementary DNA (cDNA) was 
amplified in a reaction mixture containing 25 (J.L 2 xPhanta 
Master Mix [10 U of Taq DNA polymerase, 200 mM Tris-HCl 
(pH 8.3), 50 mM MgC12, 4 ui of 2.5 mM dNTP mix], and 4 \lL 
of primer (primers used for the RT-PCR experiments are listed in 
Table 1), and 17 uL H20 for a final volume of 50 uX. PCR was 
performed under the following cycling conditions: initial denatur- 
ation of 5 min at 94°C, followed by 30 cycles of denaturation at 
94°C for 45 s, annealing at 60°C for 50 s, 90 s for elongation at 
72°C, and a final extension at 72°C for 10 min. All PCR products 
were resolved on a 2% (w/v) agarose gel with ethidium bromide 
(0.5 |J.g/mL). These products were subjected to electrophoresis 
and the results were analyzed using a gel imaging and analysis 
system (Peiqing JS-780, Shanghai, China). 

Protein Isolation and Western Blot 

Target cells were concentrated and homogenized (IKA,R104, 
Staufen, Germany) in 500 uL RIPA lysis buffer with 5 uL PMSF 
and protease inhibitor (Abeam, Cambridge, England) for cell 
protein extraction. The amount of cellular protein was measured 
using a bicinchoninic acid assay. 20 |ig of total protein was 
electrophoresed in an 8% SDS-polyacrylamide mini gel, and then 
these proteins were transferred to a Polyvinylidene Difluoride 
(PVDF) membrane (Merck Millipore, BiUerica, MA, USA). The 
membrane was incubated for 1 h at 25°C in 5% (w/v) non-fat dry 
milk. Then, the membrane was washed three times for 5 min at 
25°C using blocking buffer (TBST buffer: 0.1% Tween 20, 
13.7 mM NaCl, 0.27 mM KC1, and 2.4 mM Tris). Subsequently, 
the membrane was incubated overnight at 4°C with monoclonal 
primary antibodies (Table 2) diluted in 5% (w/v) filtered with 
non-fat dry milk. After three times wash with TBST for five min 
each, the membrane was incubated for 1 h at 25°C with goat anti- 
rabbit IgG antibody (Santa Cruz, CA, USA 1:5000) conjugated 
with horseradish peroxidase (HRP) in TBS diluted with 5% non- 
fat dry milk solution. Immunoreactivity was measured using an 



Table 1. The gene primer sequences used for detection in PCR analysis. 





Gene 


Primer sequence (5 -3 ) 


AZGP1 


Forward :GAGAATAACAGAAGCAGCGGAGCAT Reverse:ATTGTGAAGAACATCTCCCCGTAAC 


FASN 


Forward :GCTCATCCGCTCGTTGTACCAGTCG Reverse:GTGCCCCATGTTGGACTTGGTGGAG 


elF4E 


Forward :ACGGAATCTAATCAGGAGGTTGCT ReverseTTCCCACATAGGCTCAATACCATC 


S6K1 


Forward :AGAAATGCTGCTTCTCGTCTGGGA Reverse:GGTGTTCGTGGGCTGCCAATAAAT 


GAPDH 


Forward :AGGTCGGTGTGAACGGATTG ReverseTGTAGACCATGTAGTTGAGGTCA 



The PCR primers were designed by a biogenetics firm (Generay, Shanghai, China), These primers were dissolved in free RNase H 2 0 and stored at — 20°C. 
doi:1 0.1 371 /journal.pone.0099254.t001 
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Table 2. Primary antibodies used for the detection in the Western blot analysis. 



Protein 


Antibody 


Company 


Antibody concentration 


AZGP1 


rabbit antibody AZGP1 


Santa Cruz, CA 


1:1000 


FASN 


rabbit antibody FASN 


Santa Cruz,CA 


1 :2000 


elF4E 


rabbit antibody elF4E 


Abeam, England 


1:1500 


S6K1 


rabbit antibody S6K1 


Abeam, England 


1:1500 


p-mTOR 


rabbit antibody p-mTOR 


Abeam, England 


1:1000 


p-S6 


rabbit antibody p-S6 


Abeam, England 


1:1000 


GAPDH 


rabbit antibody GAPDH 


Santa Cruz,CA 


1 :4000 



doi:1 0.1 371 /joumal.pone.0099254.t002 



enhanced ECL chemiluminescence (Amersham, Uppsala, Swe- Cell Proliferation Assay 

den) and analyzed by an imaging and analysis system (Peiqing JS- The 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro- 

780, Shanghai, China). mide (MTT) assay was employed to examine the proliferation of 

plasmid transfected LoVo cells and untransfected LoVo cells. All 
cells were uniformly seeded into 96-well culture plates with a 
logarithmic growth phase at a concentration of 5 cells/ U.L in a 
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Figure 1. Target cell selection, (a) AZGP1 and GAPDH protein expression were detected by Western bolt, (b) The relative expression of AZPG1 
(compared with the GAPDH protein) *compared to other cell lines, LoVo cells exhibited lower AZGP1 protein expression P<0.05. (c) AZGP1 gene 
expression was detected with agarose gel electrophoresis and measured using gel imaging and an analysis system, (d) The relative expression of 
AZPG1 (compared with the GAPDH gene) 'compared to the other cell lines, LoVo cells exhibited lower AZGP1 expression P<0.05. (e) The expression 
profile of the AZPG1 gene in three kinds of LoVo cells, (f) The relative expression of the AZPG1 gene in three groups, "compared to blank group and 
control group, the experimental group showed higher expression of the AZGP1 gene. P<0.05, no significant difference was detected between blank 
group and control group. 
doi:1 0.1 371 /journal.pone.0099254.g001 
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Figure 2. Plasmid construction and transfection. (a) The confirmatory sequencing of the insert in the plasmid. (b) The pGCMV/EGFP 
overexpression vector kit. (c) The transfection efficiency of three groups was detected by fluorescence microscopey (x200). This picture depicts the 
blank group without the green fluorescent signal. The control group and the experimental group with have bright green fluorescence signals, (d) The 
fluorescence photograph of LoVo cells which are stably transfected with the negative control plasmid and the AZGP1 overexpression plasmid (x200 
magnification). 

doi:1 0.1 371 /journal.pone.0099254.g002 



volume of 100 |0,L per well. 48 h later, 20 jjl of MTT (Kaiji, 
Nanjing, China) reagent (5 mg/mL) was added into each well, and 
the plates were incubated for 4 h at 37°C in 5% C02. After 
discarding the mixture, 200 |^L dimethylsulfoxide (Sigma, St. 
Louis, USA) was added and shaken for 10 min to dissolve the 
MTT. Then the optical density (OD) value was measured by a 
spectrophotometric plate reader (Thermo, Waltham, MA, USA) at 
492 nm. Each group was comprised of eight duplicated wells, and 
the assay was performed three times independently. 



Apoptosis Detection and Cell Cycle Analysis 

An annexin-V-FITC apoptosis detection kit was used (Kaijibio, 
Nanjing, China) to detect apoptosis. Treated cells were harvested 
and centrifuged at 1500 Xg for 5 min and resuspended gently with 
precooled PBS. Then, resuspended cells (5x105) were taken out 
and centrifuged at 1500 xg for 5 min. After the supernatant was 
discarded, it was resuspended gently in 500 |lL binding buffer, 
mixed with 3 |J,L Annexin V-FITC, and 15 (XL Propidium iodide 
(Kaijibio, Nanjing, China). After staining, the cells were protected 
from the light for 10 min at room temperature (Annexin V-FITC: 
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Figure 3. The change in FASN, elF4E,and S6K1 gene after up-regulation of AZGP1 expression, (a) Target genes were detected using 
agarose gel electrophoresis and measured using gel imaging and an analysis system, (b) The relative expression of target genes (compared with the 
GAPDH gene) show in three groups. Overexpression of AZGP1 preferentially induced the down-regulation of FASN, elF4E, and S6K1 genes, 
'compared with other groups. The expression of target genes in experimental group was lower, compared with other groups; P<0.05. 
doi:1 0.1 371 /journal.pone.0099254.g003 



green; PI: red). The data was analyzed immediately by flow 
cytometer (Becton Dickinson, Mountain View, CA, USA) using 
CXP software. 

Plate Colony Formation Assay 

Three groups of cells were concentrated and blended to prepare 
single-cell suspensions to carry out colony formation assay Cells 
were placed in a 6-well plate at a density of 1000 cells/mL. Then, 
2 mL/well of RPMI-1640 medium with 10% FBS was added. The 
cells were incubated in a 5% C02 incubator at 37°C for 2 weeks. 
The new colonies were rinsed twice with PBS, and the cells were 
fixed in 1.5 mL of paraformaldehyde for 10 min. The fixed 
colonies were stained with giemsa (Sigma, St. Louis, MO, USA) 
for 20 min and then washed with PBS. The colony counting was 
performed on clearly visible colonies (colony formation rate 
(%) = colony number/seeded cell number x 100%). Each experi- 
ment was repeated three times. 

Cell Invasion Assay 

Cell invasion is measured by the number of cells that can go 
through the 8-|J.m pore of the transwell polycarbonate membrane 
(Corning, Union City, CA), which separates the upper and lower 
chamber. First, the upper chamber was washed three times with 
PBS. Then, 20 \lL of diluted Matrigel (BD Bioscience, San Jose, 
CA, USA) was added uniformly after incubation for 30 min at 
37°C to make the artificial base membrane. Secondly, an equal 
number of cells (5x104) for three groups were seeded in the upper 
chamber with 200 (XL of serum-free RPMI-1640 medium. Next, 
500 (XL of RPMI-1640 medium containing 10% fetal bovine 
serum was added to the lower chamber. The fully prepared 
transwell invasion system was then placed in an incubator for 24 h 
at 37°C in 5% C02. Finally, the cells on the surface of the 
basement membrane were wiped off and were stained with 
hematoxylin-eosin (HE) and counted using a Leica microscope 
(Nikon Eclipse TS100-F, Japan). Seven randomly selected fields 
(200 times magnification) were observed for each sample; the 
experiment was repeated three times. 



Statistical Analysis 

Statistical analysis was performed using SPSS 17.0 software 
(SPSS, Chicago, USA). Statistical comparisons were presented as 
X ± S (SEM). The statistical significance of the differences was 
determined using One-way ANOVAs and Student's t tests. Values 
of P<0.05 were considered statistically significant. 

Results 

Cell Selection & Plasmid Transfection 

The expression of AZGP1 in four human colorectal cancer cells 
(LoVo, HT-29, Caco-2, and HCT116) was detected using RT- 
PCR and Western blot (Figure lac). The rate of AZGP1 gene/ 
GAPDH expression for LoVo, Caco-2, HT-29, and HCT1 16 cells 
were 0.35±0.03, 0.78±0.08, 0.67±0.09, and 0.56±0.03, respec- 
tively (Figure Id). Compared with HT-29, Caco-2, and HCT1 16 
cells, LoVo cells had the lowest expression of AZGP1 (P<0.05), 
the result of Western blot test(Figure lb)is similar to RT-PCR,. 
Subsequently, LoVo cells were selected for further experiments as 
a result of being a lowest AZGP1 protein expression. 

The pGCMV/EGFP/AZGPl plasmid and the pGCMV/ 
EGFP/Neo plasmid were constructed and their sequencing were 
confirmed (Figure 2ab). Both of the two plasmids were 
transfected into LoVo cells separately. In order to detect the 
transfection efficiency of the plasmids, green fluorescent signal was 
measured by fluorescence microscope after transfection (Figure 
2cd) and the expression of AZGP1 gene in three groups was 
detected using PCR (Figure le). The rate of AZGP1 gene/ 
GAPDH gene expression for the blank group, control group, and 
experimental groups were 0.35±0.02, 0.35±0.04, and 0.51 ±0.04, 
respectively (Figure If). Compared with the other groups, the 
expression of AZGP1 was higher (P<0.05) in experimental group. 

Target Genes and Proteins Expression in Three Kinds of 
LoVo Cells 

RT-PCR and Western blot results revealed that the expression 
of AZGP1, FASN, eIF4E, and S6K1 in experimental groups were 
different from their expression in blank group and control group. 
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Figure 4. The expression of AZGP1, FASN, elF4E, p-mTOR, p-S6, and S6K1 in three groups, (a) Target proteins were tested using Western 
blot and recorded with a scanner system, (b) The relative expression of target proteins (compared with GAPDH protein expression) in three groups. 
Increased expression of AZGP1 can inhibit FASN, elF4E, p-mTOR, p-S6, and S6K1 expression; 'compared with the other groups. The target proteins in 
the experimental group with had lower expression, P<0.05. 
doi:1 0.1 371 /journal.pone.0099254.g004 



The expression of AZGP1 gene in experimental group was 
0.51 ±0.36, significantly higher than blank group (0.35±0.02) and 
control group (0.36±0.04; P<0.05) (Figure 3ab), and the 
expression of AZPG1 protein in experimental group was also 
higher than other two groups (Figure 4a). Interestingly, the 
expression of FASN, eIF4E and S6K1 gene in the experimental 
group (0.43±0.06, 0.37±0.07, and 0.42±0.04) was significantly 
lower than the blank group (0.82±0.09, 0.60±0.09, and 
0.72±0.06) and control group (0.80±0.09, 0.57±0.05, and 
0.72±0.06; Figure 3b). Western blot analysis showed a 
significant decrease in FASN, eIF4E, p-mTOR, p-S6, and S6K1 
in LoVo cells after AZGP1 was expressed (Figure 4b). 

AZGP1 Blocks the Proliferation and Migration of LoVo 
Cells 

MTT, colony formation, and invasion assays were used to 
determine the effect of AZGPl-overexpression in LoVo cells. As 
shown in Figure 5a, the OD values were measured over five 
successive days. The proliferation rate of the experimental group 
was significantly lower than that in the other groups (P<0.05). The 
colony formation rate of LoVo cells transfected with the 
overexpression plasmid was 4.38%±0.71%, which is lower than 



blank group (7. 1 5% ±0.82%) and control group (6.88% ±0.42%). 
Furthermore, the size and cell mass of experimental group LoVo 
cells were smaller compared to the other two groups (Figure 5bc). 
In the transwell assay, cells in which AZGP1 was overexpressed 
migrated less efficiently than others (Figure 5d). The number of 
migrating cells in the AZGP1 -overexpressed cells (64.33±8.02) 
was lower than the blank group ( 136. 67 ± 1 1.59) and control group 
(132. 67± 13.65; Figure 5e). No statistical difference was found 
between blank group and control group in cell proliferation and 
migration assays. 

AZGP1 Overexpression Induces Apoptosis and Cell Cycle 
Arrest 

Cells in which AZGP1 were overexpressed showed an increased 
percentage of cells in the G 2 phase (29.47%±2.03%) when 
compared with the blank group and the control group (Figure 
6ab). Furthermore, there was a higher rate of apoptosis 
(5.59% ±0.35%) in the experimental group (P<0.05), compared 
to the blank group and control group (Figure 6cd); However, 
there was no significant change in the apoptosis rate between the 
blank group and control group (P>0.05). 
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Figure 5. AZGP1 blocks the proliferation and migration of LoVo cells, (a) Up-regulation of AZGP1 expression inhibits the proliferation of 
LoVo cells. *compared with the two control groups, P<0.05. (b), (c) The colony formation of LoVo cells after transfection. *compared with the two 
control groups, P<0.05. (d), (e) Migration of LoVo cells after transfection. "compared with blank group and control groups, the number of LoVo cells 
which pass through membrane of experimental group was less (P<0.01). 
doi:1 0.1 371 /journal.pone.0099254.g005 
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Figure 6. AZGP1 overexpression induces apoptosis and cell cycle arrest, (a), (b) Cell cycle analysis for the three groups. *compared with 
blank group and control group, the rate of G 2 phase in LoVo cells which were transfected with the pGCMV/EGFP/AZGP1 plasmid was higher (P<0.05). 
**compared to the blank group and control group, the experimental group had a higher rate of apoptosis (P<0.01). (c), (d) Apoptosis rate, 
'compared with the other groups, the experimental group exhibited higher apoptosis rates (P<0.05). 
doi:1 0.1 371 /journal.pone.0099254.g006 



Discussion 

AZPG 1 is a well-known lipid mobilizing factor which stimulates 
lipolysis and leads to cancer cachexia [25]. Some research 



demonstrates that decreased expression of AZGP1 is associated 
with poor prognosis, and it can now be classified as a tumor 
suppressor gene in other cancer types. A recent study on 



PLOS ONE | www.plosone.org 



8 



June 2014 | Volume 9 | Issue 6 | e99254 



A Novel Tumor Suppressor for Colorectal Cancer Cell 



expression of AZGP1 gene revealed that its decreased expression 
of this gene is associated with a poor prognosis in primary gastric 
cancer, and it can also be used as a biomarker [10]. An 
investigation on the expression of AZGP1 protein in 186 men 
with localized prostate cancer showed an association between 
absent/low AZGP1 expression and clinical recurrence [7]. An 
analysis of clinical and pathological data showed that AZGP1 was 
downregulated in hepatocellular carcinoma and suggested that it 
could be served as a promising prognostic marker [26] . Moreover, 
a gene silencing study clearly showed that AZGP1 might act as a 
novel tumor suppressor gene in pancreatic cancer [11]. Interest- 
ingly, high-level expression of AZGP1 has been associated with 
poor prognosis and could potentially be potential a marker for the 
diagnosis of colorectal cancer [12,13]. However, the underlying 
mechanism of AZGP1 remains unknown. In our study, we found 
that AZGP1 overexpression mitigates the malignant behaviors of 
LoVo cells. Briefly, AZGP1 overexpression impaired the prolifer- 
ation and migration potential of LoVo cells and also promoted cell 
cycle arrest. These data implies that AZGP1 may play an 
important role in affecting the malignant behaviors of LoVo cells. 

As we know, eIF4E and S6K1 play an important role in 
promoting cell proliferation [27]. Here, we observed that AZGP1 
overexpression reduced eIF4E, p-mTOR, p-S6, and S6K1 
expression and increased LoVo cell proliferation. Since eIF4E, 
S6, and S6K1 are important downstream targets of mTOR 
signaling it is likely that AZGP1 direcdy inhibits mTOR signaling; 
however, the exact molecular mechanism underlying this process 
warrants further characterization. 

FASN expression is also mediated by mTOR signaling, 
specifically in endogenous fatty acid biogenesis in human cancers 
[28,29]. Since AZGP1 expression decreases FASN, it has been 
suggested that FASN expression in colorectal cancer cells is also 
regulated by mTOR signaling [30]. Since FASN regulates many 
aspects of the malignant phenotype of colorectal cancer cells, it is 
unknown whether the tumor suppression effect of AZGP1 
overexpression can be attributed to the observed reduction in 
FASN expression. 

Taken together, we found that AZPG 1 overexpression blocked 
eIF4E, S6K1, p-mTOR, p-S6, and FASN expression; simulta- 
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neously, the cellular proliferation and migration were also 
inhibited. These findings suggest that increased expression of 
AZGP1 can suppress the activity of the mTOR signaling pathway 
and endogenous fatty acid synthesis. Our research not only 
demonstrated that AZPG1 over-expression blocked the prolifer- 
ation and migration of LoVo cells, but also confirmed that AZGP 1 
regulates biological behaviors of LoVo cells through inhibition of 
the mTOR signaling pathway and endogenous fatty acid synthesis. 
These findings might provide better understanding towards the 
function of the AZPG1 gene in colorectal cancer LoVo cells. 

Supporting Information 

Data SI Supporting information file containing figures 
S1-S6. 1. Figure. Sib: The expression of AZPG1 protein in 
three colorectal cancer cell lines. 2. Figure. Sid: The expression 
of AZPG1 gene in three colorectal cancer cell lines. 3. Figure. 
Slf: The relative expression of the AZPG1 gene in blank group, 
control group and the experimental group. 4. Figure. S3b: The 
change in FASN, eIF4E,and S6K1 gene after up-regulation of 
AZGP1 expression in blank group, control group and the 
experimental group. 5. Figure. S4b: The expression of AZGP1, 
FASN, eIF4E, p-mTOR, p-S6, and S6K1 after up-regulation of 
AZGP1 expression in blank group, control group and the 
experimental group. 6. Figure. S5a: Up-regulation of AZGP1 
expression inhibits the proliferation of LoVo cells. 7. Figure. 
S5e: Up-regulation of AZGP1 expression inhibits the migration of 
LoVo cells. 8. Figure. S6a: AZGP1 overexpression induces G2 
phase arrest in LoVo cells 9. Figure. S6d: AZGP1 overexpres- 
sion induces a higher rate of apoptosis in LoVo cells. 
(XLS) 

Author Contributions 

Conceived and designed the experiments: PH LG. Performed the 
experiments: LC XT YL MJ PW. Analyzed the data: LC XT YX MJ 
PW PH. Contributed reagents/ materials/ analysis tools: PH LC. Wrote the 
paper: LC. Read and approved the final manuscript: LC XT YL MJ PW 
PH. 



1 1 . Kong B, Michalski CW, Hong X, Valkovskaya N, Rieder S, ct al. (2010) AZGP 1 
is a tumor suppressor in pancreatic cancer inducing mcsenchymal-to-epithelial 
transdilferentiation by inhibiting TGF-P-mediated ERK signaling. Oncogene 
29: 5146-5158. 

12. Agescn TH, Svccn A, Mcrok MA, Lind GE, Ncsbakken A, ct al. (2012). 
ColoGuidcEx: a robust gene classifier specific for stage II colorectal cancer 
prognosis. Gut 61: 1560—1567. 

13. Ji D, Li M, Zhan T, Yao Y, Shcn J, et al. (2013). Prognostic role of scrum 
AZGP1, PEDF and PRDX2 in colorectal cancer patients. Carcinogenesis 34: 
1265-1272. 

14. Menendez J A, Lupu R (2007) Fatty acid synthase and the lipogenic phenotype 
in cancer pathogenesis. Nat Rev Cancer 7: 763-777. 

15. Kuchiba A, Morikawa T, Yamauchi M, Imamura Y, Liao X, C, ct al. (2012) 
Body mass index and risk of colorectal cancer according to fatty acid synthase 
expression in the Nurses' Health Study. J Nad Cancer Inst 104: 41 5 — 420. 

16. Alo PL, Visca P, Mazzaferro S, Scrpieri DE, Mangoni A, ct al. (1999) 
Immunohistoehemical study of fatty acid synthase, Ki67, proliferating cell 
nuclear antigen, and p53 expression in hyperplastic parathyroids. Ann Diagn 
Patho 3: 287-293. 

17. Lupu R, Menendez JA (2006) Targeting fatty acid synthase in breast and 
endometrial cancer: An alternative to selective estrogen receptor modulators? 
Endocrinology 147: 4056-4066. 

18. Di Vizio D, Sotgia F, Williams TM, Hassan GS, Capozza F, ct al. (2007) 
Caveolin-1 is required for the upregulation of fatty acid synthase (FASN), a 
tumor promoter, during prostate cancer progression. Cancer Biol Thcr 6: 1269- 
1274. 

19. Vazquez-Martin A, Ropero S, Brunct J, Colomer R, Menendez JA (2007) 
Inhibition of Fatty Acid Synthase (FASN) synergistically enhances the efficacy of 
5-fluorouracil in breast carcinoma cells. Oncol Rep 18: 973-980. 



PLOS ONE | www.plosone.org 



9 



June 2014 | Volume 9 | Issue 6 | e99254 



A Novel Tumor Suppressor for Colorectal Cancer Cell 



20. Turrado G, Puig T, Garcia-Carcclcs J, Artola M, Benhamu B, ct al. (2012) New 
synthetic inhibitors of fatty acid synthase with anticancer activity. J Med 
Chem55: 5013-5023. 

2 1 . Manning BD, Tee AR, Logsdon MN, BlenisJ, Cantley LC (2002) Identification 
of" the tuberous sclerosis complex- 2 tumor suppressor gene product tuberin as a 
target of the phosphoinos itide 3-kinase/Akt pathway. MolCell 10: 151-62. 

22. Mamane Y, Petroulakis E, LcBacqucr O, Sonenberg N (2006) mTOR 
translation initiation and cancer. Oncogene 25: 6416—6422. 

23. Graff J, De Benedetti A (2004) cIF-4E expression and its role in malignancies 
and metastases. Oncogene 23: 3189-3199. 

24. Wang X, Proud GG (2006) The mTOR pathway in the control of protein 
synthesis. Physiology 21: 362-369. 

25. Bing C, Bao Y, Jenkins J, Sanders P, Manieri M, et al (2004) Zinc-a2- 
glycoprotein, a lipid mobilizing factor, is expressed in adipocytes and is up- 
regulated in mice with cancer cachexia. Proc Natl Acad Sci USA 101: 2500- 
2505. 



26. Huang Y, Li LZ, Zhang GZ, Yi C, Liu LL, et al. (2012) Decreased expression of 
zinc-alpha2-glycoprotein in hepatocellular carcinoma associates with poor 
prognosis. J Transl Med 10: 106. 

27. Fingar DC, Salama S, Tsou C, Harlow E, BlenisJ (2002) Mammalian cell size is 
controlled by mTOR and its downstream targets S6K1 and 4EBPl/eIF4E. 
Genes Dev 16: 1472-1487. 

28. Grunt TW, Wagner R, Grusch M, Berger W, Singer GF, et al. (2009) 
Interaction between fatty acid synthase-and ErbB-systems in ovarian cancer 
cells. Bioehem Biophys Res Commun 385: 454-459. 

29. Migita T, Ruiz S, Fornari A, Fiorentino M, Priolo G, et al. (2009) Fatty acid 
synthase: a metabolic enzyme and candidate oncogene in prostate cancer. J Natl 
Cancer Inst 101: 519-532. 

30. Li N, Bu X, Wu P, Wu P, Huang P (2012) The "HER2-PI 3K/ Akt-FASN Axis" 
Regulated Malignant Phenotype of Colorectal Cancer Cells. Lipids 47: 403-41 1. 



PLOS ONE | www.plosone.org 



10 



June 2014 | Volume 9 | Issue 6 | e99254 



